We present the collection of all the mid-and far-IR observations (λ=3-170µm) of the young eruptive variable PV Cep available so far in the literature. These data allow us to confirm that flux variability is a prominent feature at mid-IR wavelength (λ=3-25µm). Color-magnitude plots clearly indicate that the observed variability is not extinction-driven, but mainly influenced by fluctuations of the mass accretion rate. We interpret such variability as due to a hot spot created onto the stellar surface by the column of accreting matter, which heats the inner parts of the disk and determines the observed increase of the near-mid-IR luminosity. A quantitative characterization is given for both the spot itself and the additional thermal component created by it. are consistent with the presence of a temperature stratification in a massive and quite un-evolved circumstellar disk.
Introduction
After the very early phases of the cloud collapse the formation of an accretion disk around the central protostar is a natural consequence of both the initial cloud rotation and the angular momentum conservation. Once the disk is formed the accretion can proceed by transferring angular momentum toward the external regions and matter toward the central object through the disk itself. This is not a continuous but an intermittent process characterized by episodes during which matter from the inner disk regions falls onto the protostar following its magnetic field interconnection lines (e.g. Shu et al. 1994 ). The accreting matter produces a shock that cools by emitting a hot continuum. Moreover, as a consequence of the accretion event, strong winds (in some cases also collimated jets) emerge from the rotating star/disk system. Disk accretion phenomena (during which the mass accretion rate increases up to orders of magnitude) give origin to repetitive outbursts (Hartmann & Kenyon 1985) The outbursts of largest intensity ( > ∼ 4 mag) are classified into two major classes: (i) EXor events (Herbig 1989 ) lasting one year or less, with a recurrence time of months to years, characterized by emission line spectra; (ii) FUor events (Hartmann & Kenyon 1985) of longer duration ( > ∼ tens of years) with spectra dominated by absorption lines.
Circumstellar disks survive few million years before dissipating and undergo different phases of evolution: from accretion, through transitional, to passive disks, that make them crucial structures to investigate accretion modalities, matter outflowing, disk excavation and planet formation. Detailed studies on the correlations between optical, near-, and mid-infrared (IR) variability of protostellar objects are very important since they can -4 -elucidate on the physical mechanism(s) responsible for the fluctuations themselves. Of particular interest is the mid-IR domain (3-25 µm) where many of the eruptive variables emit most of their energy (Antoniucci et al. 2013 ). The spectral behaviour at these wavelengths is strictly related to disk and envelope regions located at radial distances from the central star where disk fragmentation and planet formation may occur. The difficult access to facilities operating in this spectral range has hampered this kind of studies, apart few important exceptions (eg. Kun et al. 2011, hereinafter K11; Kóspál et al. 2012 and references therein; Antoniucci et al. 2013 ).
One of the few eruptive YSOs observed in the mid-far-IR in several occasions is PV
• 57 38.9 ), which is a pre-main sequence star in the northeastern edge of the L1158 and L1155 groups of dark clouds, at a distance of 325 pc (Straizys et al. 1992) . Its strong and irregular variability (up to about 4-5 mag) was recently studied in the optical and near-IR bands [K11; Lorenzetti et al. 2011 (Paper I), 2013 . The aims of the present work are twofold: (i) to provide a mid-far-IR database of PV Cep, collecting all the observations obtained so far; (ii) to understand whether photometric variations at longer wavelengths present some analogies with those occurring in the optical/near-IR range in which case they could originate from the same mechanism(s). Sect. 2, summarizes the results of the recent optical/near-IR monitoring. In
Sect.3 the mid-and far-IR data are presented and discussed in Sect.4. Sect.5 summarizes our conclusions.
PV Cep NIR-IR variability
As mentioned above, K11 and Paper I independently report on the optical/near-IR 
PV Cep mid-and far-IR photometry
To ascertain if PV Cep presents significant fluctuations in the mid-far-IR range, as it certainly does in the optical/near-IR, we have collected in Table 1 at 50 and 100 µm (Natta et al. 1993 ).
The epoch of each observation and the effective wavelengths of the used band-passes are also provided in Table 1 . All values are given as flux density (in Jansky); when necessary, the magnitude values found in the literature have been converted by adopting the zero-magnitude fluxes given in the web pages of the Gemini Observatory 1 , whenever the conversion values are not given in the original paper. This procedure, together with the comparison between band-passes which are not perfectly coincident, is affected by instrumental and calibration effects and may cause a scatter that we conservatively estimate to be up to 50%. Therefore, fluctuations up to that amplitude will be considered negligible in the present work, unless the measurements have been performed with the same instrumentation: in these latter cases the fluctuations are assumed to be significant if their amplitude is larger than the 3σ uncertainty. In the far-IR, PV Cep was observed in different occasions and the resulting photometry is given in the last part of 
Analysis and discussion

Mid-IR behaviour
Photometric data collected in the L and M bands (see Table 1 ) are presented in In sum, all these considerations indicate that interpreting the PV Cep fluctuations in terms of an A V variation of about 20-25 mag is most likely not correct, so that an alternate mechanism is required, which would reproduce the observed variation of the optical and near-IR colors and change in the silicate absorption depth. In accordance with our conclusion, K11 remark how the wavelength dependence of the mid-and far-IR variations of PV Cep is different from that expected for dust extinction.
SED modeling
The color-magnitude plot depicted in Figure 1 indicates that the L-band fluctuations of PV Cep were sampled between a lower (corresponding to about 5.5 mag) and a -9 -higher (around 4.5 mag) state. Following the approach described in Paper II, we tried to investigate what happened between these two levels of brightness, checking if the difference between the SED relative to the brighter state and that of the fainter one can be fitted with a single black-body (BB). If this were the case, the appearance of a single temperature associated to the outburst event could effectively account for the observed fluctuation. To perform our check, we need two SEDs (outburst and quiescence) sampled at least in four photometric bands so as to make our two-parameter fit (see below) statistically meaningful.
A conventional error of ±10% was arbitrarily assigned to any flux in order to take into account, in addition to the formal errors, also the effects due to differences in the adopted band-passes, effective wavelengths, and photometric systems. Among the cases presented for PV Cep (see Table 1 The free parameters of our simple model are T , the BB temperature, and R, the radius of the emitting region, while for the extinction value A V we assumed 5 mag and 7 mag for the lower and higher state, respectively, which are the limits determined by all previous optical observations (see Sect.2). The fit of the differential SED is depicted in Figure 3 , while the relevant parameters are given in Table 2 . As also noticed in Paper II, we point out that the shape of the true emitting area (that we do not model) is likely very different from the assumed uniform disk: for example it could be the inner wall of the circumstellar disk or anything else: the radius R, derived by the fit, simply provides an indication of the length scale of the emission region.
Being the fit acceptable (reduced χ 2 = 1.08), we should consider the hypothesis that an -10 -emitting region (assumed to be a uniform disk) at about 1300 K, with a radius R of about 0.27 AU, appeared as an additional component while the source moved from the low to the high state we have considered. The scale length of 0.27 AU is typical of the inner portions of the circumstellar disks of Herbig Ae stars (Vinković 2006) , as PV Cep is often classified.
We can explain the increase of T in PV Cep in the same scenario we demonstrated to be valid to describe all the EXor outbursts (Paper II), and adopting for the spot emission the same model by Calvet & Gullbring (1998) which predicts spot temperatures (T spot ) between 10,000 and 18,000 K. Since the appearance of this kind of black-body has been never observed, we assume that the energy irradiated by the spot equals that emitted by the surrounding region. The power emitted by the spot linearly depends on two factors:
(i) the time interval τ during which the spot temperature remains at its maximum value, expressed as a fraction of the observed bright state duration, and (ii) the spot surface Σ spot , expressed as a fraction of the stellar surface. Given such linearity, we treated the product τ · Σ spot as a single variable. The lower value for Σ spot is compatible with the sizes predicted by Calvet & Gullbring (1998) . In Figure 4 , the area of intersection between the χ 2 minima and model predictions represent the ranges of T and R for which our simple spot model can account for the observations. The derived ranges are depicted as confidence contours (in yellow-orange) superposed on the χ 2 maps and are listed in Table 2 . The event considered here is different from that presented in Paper II for the same source, nevertheless it is still associated with the appearance of a single black-body (and not with a stratification of temperatures), so reinforcing conclusions given in Paper II. These both events, maybe fortuitously, are -11 -associated to black-bodies with very similar temperatures (T = 1320 K instead of 1550 K) and very compact size (R = 0.14 AU and 0.27 AU). Noticeably, minimum χ 2 corresponds to Σ spot = 0.1 and τ = 0.5, for a spot temperature of 15,000 K. In practice, a very reasonable spot having an area of about 10% of the stellar surface, persisting about 50% of the bright state duration, and with a temperature well compatible with the PV Cep mass accretion rate, is able to account for the observed behaviour.
In this scenario, it is reasonable to expect that the energy input would induce a variable silicate emission feature from the outer disk, which could explain the observed variation in the silicate absorption band.
Far-IR behaviour
Concerning the far-IR detections at 60, 100, and 170 µm, no significant variability can be recognized above a 3σ level. Analysing a fading phase, also K11 found the range 10-60 µm unaffected by variability, although they noted a concordant dimming in the 70-90 µm region. The three observations (see bottom of Table 1) 
Final remarks
The outbursting young object PV Cep has been observed in the mid-far-IR range pair corresponding to the absolute minimum of χ 2 .
-19 - a -This date (prior to 1984) is not specified in the original paper and refers to an observation in J, H, K, L, and M bands conducted in the same date.
b -Photometric data taken during the indicated dates have been averaged: the mean value and the standard deviation are given.
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